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Nutrient Input by Precipitation 
in Northern Minnesota Forest Ecosystem 
ABSTRACT - Yearly precipi-tation was sampled and analyzed for total content of N, P, K, 
Ca and Mg to assess the role of gross precipitation in adding nutrient elements to sites in north-
ern Minnesota. Data from this study is part of a larger effort to determine the effects of mecha-
nized harvesting oon the nutrient cycle. Data from the present study indicate that it is unlikely 
that total yearly precipitation will be able to maintain adequate levels of site productivity on 
areas that are full-tree harvested. Total yearly nutrient income in lbs/acre was N - 3.9; P - .23; 
K - 2.29; Ca - 7.50; Mg -1.11. 
NICHOLAS B. COMERFORD* and EDWIN H. WHITE** 
The demand for wood products is increasing rapidly 
while the land base to produce timber is dimishing. The 
increased demand is being created by increasing population, 
rising standard of living, and energy needs together with 
increasing competition of forest land for purposes other than 
wood production . Thus increasing amounts of wood and 
wood fiber products must be produced on less acreage. 
Forest managers, in response, have developed new concepts 
to increase both forest productivity and utilization of log-
ging residues. 
One such concept for improved utilization of the forest 
crop is full-tree harvesting of all above-ground portions of a 
stand. However, there is a concern over the effect that re-
moval of large amounts of nutrients by full-tree harvesting 
will have long-term site productivity and nutrient cycling in 
forest ecosystems. Several studies on this subject have been 
reported. 
Full-tree harvesting is defined (Zasada, 1971), as skidding 
the tree with branches and tops to the landing. This harvest-
ing method has the silvicul tural benefits of site preparation 
and reduced costs of regeneration as well as the economic 
benefit of increased utilization (Zasada, 1971 b) . The tradi-
tional harvesting methods, shortwood and tree-length, left 
slash on the site which contains the major reserve of nutri-
ents accumulated by the trees and is extremely important in 
maintaining soil organic matter and recycling nutrients. 
(Boyle, 1975). _ 
The nutrient budget of the forest ecosystem involves geo-
logic, meteorologic, and biological processes. Rainf~II is 
considered a major input and cycling agent of plant nutnents 
into and through forest ecosystems. The value of gross preci-
pitation to nutrient input has been discussed by several 
investigators . They have quantified nutrient additions ~nd 
changes in nutrient concentrations due to forest canopies. 
The literature shows, however, that the variability of these 
results is large and depends upon geographical location, thus 
indicating that regional data for major nutrients in gross 
precipitation is needed to quantify nutrient replacement by 
rainfall (Westman and Webber, 1972). 
The present study was initiated to assess the role of gross 
precipitation in adding nutrient elements to forest sites in 
nothern Minnesota . Data is part of a larger effort at the 
Cloquet Forestry Center to determine the effects of 
mechanized full-tree harvesting on site productivity and the 
nutrient cycle. 
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Area and Procedure of Study 
The Cloquet Forestry Center is located approximately 
26 miles southwest of Duluth, Minnesota. The climate is 
sub-humid continental with long, cold winters and short, 
hot summers. On the average this area receives 28.7 in. of 
precipitation annu ally and has normal temperatures of 
9 degrees F for January and 6 7 degrees F for August. High-
est precipitation is during June ( 4 .2 in .) and lowest during 
February (0.9 in .). 
Ten polyethylene bottles with 8-inch polyethylene 
funnels (calibrated with standard rain guages) were randomly 
placed in the center of a tv.,-o-acre clearcut. A glass w?ol 
filter was used at the base ot each funnel to prevent foreign 
material entering the bottle between storms. After every few 
storms the guages were removed to new random locations. 
Rainfall (wet plus dry fall) was collected after each storm 
from May 15 to September I 5, 1975. A "storm" was defined 
as a period of rainfall followed by a period during which the 
vegetation became dry . 
The water in each guage, measured in mililiters, was 
recorded, and rainfall from each replication bulked into two 
subsamples per storm . 
All chemical analysis was done by the Research Analy-
tical Laboratory, Department of Soil Science, Universit}'. of 
Minnesota, according to procedures in Methods for Chemical 
Analysis of Water and Wastes. A total of 353 seperate sam-
ples were analyzed. Unfiltered portions of each sample were 
analyzed for total Kjeldahl nitrogen (TKN) and total phos-
phorus (TP) by a three-channel · Technicon Autoanalyzer 
II. Dissolved Ca, Mg and K were measured by a Perkin-Elmer 
Model 303 Atomic Absorption Spectrophotometer. 
Total gross rainfall for the 1975 growing season was 
14.28 inches, which was average, although June of that year 
was above average while July and August were below average. 
A frequency analysis of rainfall shows the 1975 growing 
season, in general, to be normal , but June,July and August 
had considerable deviations from the frequency average. 
(Nutrient concentrations may be affected by dilutions in 
June and untypically concentrated in July and August 
samples.) 
Nutrient concentrations and contents 
Calcium was the most abundant element measured in 
gross rainfall with an average concentration of 1.667 ppm in 
each storm. This resulted in 5 .39 pounds per acre of Ca 
being added to the site by rainfall from May - September, 
1975. Dusti:; an extremely important source of Ca in rain-
fall and is not uncommon for Ca to be the ion of highest 
con'centration in rainfall. 
Nitrogen was the second most abundantelementmeasured 
in gross rainfall with an average concentration of 0.788 ppm 
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and 2.55 pounds per acre being added to the site during the 
growing season. 
Potassium was the third most abundant nutrient measured 
in gross rainfall with an average concentration of 0.539 ppm 
and I. 74 pounds per acre being added to the site. 
Magnesium concentrated in the rain measured 0.229 
ppm and resulted in an input of 0.74 pounds per acre in 
the growing season. 
Phosphorus was the least abundant of the elements 
measured in gross rainfall with a concentration of 0.036 
ppm and an input of 0.12 pounds per acre for the I 975 
growing season. 
It has been suggested that mechanized full-tree 
harvest may result in a reduction in long-term site 
productivity due to a depletion of soil nutrients. Removal 
of the complete tree deprives the site of the branches 
and leaves that formerly were left to decompose. 
Although these components are relatively small in 
biomass, they are high in nutrient concentrations. 
Shannon has determined the amount of nutrients 
that were removed in a winter full-tree harvesting 
operation of a 66-year-old stand of balsam fir and paper 
birch that existed on the same site. (Table 3) Data 
from the present study (Table 2) indicates that the Ca 
and Mg inputs from precipitation far exceed the pounds 
per acre of Ca and Mg removed by the harvesting 
operation. However, the amounts of the major 
nutrients P and K removed by the harvesting operation 
exceed the input by precipitation for these two elements. 
These estimates do not include nutrient losses due to 
leaching, particularly N, which is significant following 
full-tree harvesting. (Williams and Mace, 1974). Pre-
liminary studies indicate that full-tree harvesting may 
compound an existing nitrogen applications on the same 
soil, which would indicate a problem, since fertilization 
studies show trees have responded to nitrogen on the 
site. 
Data from the present study indicate the magnitude 
and importance of gross precipitation as a source of N, P, K, 
Ca and Mg for forest sites in northeastern Minnesota, 
but growing season rainfall cannot replace all elements 
removed in full-tree harvesting. It is unlikely that total 
yearly precipitation will be able to maintain adequate 
levels of productivity on areas from which full trees 
are removed, particularly if the sites are already some-
what nutrient-deficient. This is especially important 
with respect to N, P and K. 
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Table I. Concentration and Content of Nutrients in Rain-
fall. 
Nutrients Mean PPM lbs/acre 
(5% C. I.) (5% C. I.) 
Total Kjeldhal + 0.788 2.55 
Nitrogen -:.....0.127 :!:.o.54 
-
Total Phorphorus + 0.036 0.12 
-0.0JO ±.0.09 
Potassium 0.539 1.74 
±.o.264 ±0.45 








Table 2. Nutrient Income for an Average Precipitation Year. 
I 
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Table 3. Nutrient Removal by Winter Full-Tree Harvesting 
of a 66-Year-Old Balsam Fir - Paper Birch Stand 
at the Cloquet Forestry Center (I). 
• Nutrient '1)l /::: 
o~,l ~~ ~o 
J 0,;,,fl, <:>°'-f"' 
Total Kjeldhal 2.74 0.64 
Nitrogen 
Total Phosphorus 0.12 0.01 
K 1.87 0.36 
Ca 5.80 0.20 
Mg 0.80 I 0.20 
::0,. \.,,: ;,'l)l ::0,. 
0~ ~~ 
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4.3 13 .8 1. 7 
(2) Based on 7.01 inches of dormant season rain. 
Total 199.9 24.0 
I 
173.0 
(3) Based on concentration data from Verry and Timmons 
and an average snow year of 6.76 inches water equivalent. (I) Data from Shannon (1976) 
From the President 
Dear Fellow Academy Member: 
We are now at the midpoint of another year that has the hallmarks of being a 
year of accomplishment. I am humbly grateful to be a part of it all. Our fall programs 
have gone well, and those who participated in them are already looking forward to 
next year's offerings. My sincere congratulations to Buzz and the Program Committee 
members who worked so hard to make those functions successful. We are also 
heralding the new year with a new address, and a new secretary, Gen Stoutt. 
Along with the new, however, we still find ourselves contending with some of the 
"old". As I review the letters of Past Presidents, I have the sinking feeling that we 
have not made much progress in dealing with the ghosts of some of our old problems. 
Membership continues to decline, and once again we are looking forward to a potential 
spending deficit. 
Phil Thompson and Wayne Wolsey are currently setting plans to increase both 
supporting and individual memberships. I personally have resolved to attempt to 
recruit at least one new member each year. 
I urge you to renew your membership and perhaps give consideration to a similar 
resolution. If iOO of us step forward as Membership Centurians, we can add an 
additional $1,500 revenue to the Academy. In addition, if you have a business 
contact whom you can approach for a contribution as a supporting member of the 
Academy, the job that Wayne and Phil have set for themselves will be much easier. 
While our revenue declines, costs continue to soar. It is very possible that we 
will run a fiscal deficit of approximately $6,000. In past year~, members have responded 
positively to this apparently perennial problem by sending smdl individual contributions, 
helping preserve the operational ability of the Academy. 
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